Human umbilical cord blood cells were cultured in suspension for 15 days. Characteristics of the cord blood cells grown in culture were studied in relation to histochemical features with 3H-thymidine (3H-TdR) labeling in the course of the 15-day culture.
The labeling index after 1 day was 2.9% of mononuclear cells, naphthol AS-D chloroacetate esterase (NACE) and peroxidase positive cells comprised about 83% of all the labeled cells. In the study with blood from 38 to 41 weeks gestation, the percentage of 3H-TdR labeled cells and histochemically stained cells were found more or less identical regardless of the gestational age. No labeled cells with nonspecific esterase activity were observed in 1 and 5-day cultures.
The total cell population decreased in 5 days whereas the labeled cells increased to 19%. The labeled cells showing NACE and peroxidase activities decreased markedly after 5 days.
After 10-15 days of culture, both cell number and the labeling index decreased, whereas the labeled cells with peroxidase and luxol fast blue (LFB) activity increased. At the same time, the appearance of the labeled cells having nonspecific esterase activity was observed.
It has been well known that CFU-C (Colony forming unit in culture) exists in peripheral blood and bone marrow of human adults. Several papers have recently confirmed that newborn peripheral blood and umbilical cord blood also contain a large number of CFU-C when assayed in agar or methyl cellulose (2, 3, (11) (12) (13) 17) . It is also known that the cord blood cells have the ability to form granulocytic colonies even without conditioned medium in methyl cellulose (17) . The existence of CFU-G; E in the cord blood has also been reported (3). In the long term liquid culture the progenitor cells of bone marrow are known to grow (7, 9, l0) . Recently, the long term suspension culture of myeloid cells in the cord blood has been reported (18) .
We were interested in studying the characteristics of the cells having growth potential. For that purpose, we first examined the characteristics of 3H-TdR labeled cells in the cord blood by histochemical methods. (1) Cells and cultures Human umbilical cord blood from 38 to 41 weeks gestation was collected and suspended in 0.05% methyl cellulose. After allowing the blood to sediment at 37°C for 40 min, mononuclear cells having a density of less than 1.077 g/ml were separated by centrifugation in a sodium metrizoate-Ficoll solution (1) . The fraction containing mononuclear cells was washed twice with PBS and resuspended in the culture medium at a concentration of 1 X 106/ml in 2 ml in a 35 mm culture dish (Falcon Plastics, USA) and incubated at 37°C in 5% CO2 atmosphere. The culture medium used was RPMI-1640 (Nissui Co., Tokyo) supplemented with 20% heat inactivated fetal bovine serum (Flow Lab., USA) and 100 µg/ml kanamycin. The cultures were maintained for 15 days and the fresh medium (0.5 ml) was added to the culture every 5 days. The cells were harvested at every 5 days and were stained with 0.1 % crystal violet for cell density counting.
(2) Autoradiography
The cells were labeled with 1,sCi/ml 3H-TdR (44 Ci/mmol, Radiochemical Centre, Amersham) for 4 hr before harvest. They were then washed twice with cold PBS. The autoradiograph samples were made on glass slides by centrifugation at 500 rpm for 4 min with Tomy (Tominaga Works LTD), fixed with a buffered formalin acetone mixture (pH 6.6) for 30 sec at 4°C (23) . Other samples were fixed with methanol for Giemsa staining. Afterwards the samples fixed with methanol or those stained for histochemical reaction were washed twice with 5% cold TCA in order to avoid free intracellular 3H-TdR.
The samples were coated with Sakura NR-M2 emulsion, exposed at 4°C for 7-10 days, and developed with Sakura Konidol_-X at 20°C for 5 min.
(3) Histochemical methods
The cells labeled with 3H-TdR were stained for histochemistry on the day of harvest. Histochemically, NACE and a-naphthyl acetate esterase (ANAE) were stained by the methods of Yam et al. (23) , peroxidase by the method of Graham and Karnovsky (5) , LFB by the method of Shoham et al. (19) , and a-naphthyl butyrate esterase (ANBE) by the method of Li et al. (14) . Double stainings for NACEperoxidase and for NACE-ANAE were done by the slightly modified methods of Yam et al. (23) .
(4) Statistical analysis Statistical significance was determined by Student's t test.
RESULTS
(1) Analysis of 3H-TdR incorporation in the cells obtained from various gestational ages on day 1 The mean value of 15 samples indicated that 2.9% of the cells were labeled with 3H-TdR . No significant difference was found in the incorporation rate at the different gestational ages (p>0.05) (Fig. 1 ). However remarkable variation of the incorporation rate was found in each gestational age. The percentage of the 3H-TdR incorporated cells having enzymes (NACE, peroxidase, ANBE and ANAE) was examined every 5 days as shown in Fig. 4 . The average value of the positive cells for NACE and peroxidase was more than 80% in the 12 samples after 1 day of culture (Fig. 4) . Each point represents the mean ± S.E. of 5 samples at 38 weeks, 3 samples at 39 weeks, 5 samples at 40 weeks and 3 samples at 41 weeks. 500 mononuclear cells were counted per sample.
As mentioned above, 3H-TdR incorporated cells showing both ANBE and ANAE activities were not observed in 1 day culture. The NACE/peroxidase double staining also revealed that approximately 17% of the labeled cells did not show any activity for both enzymes at 1 day culture. These unstained basophilic cells were smaller than the stained ones. The results of the histochemical enzyme staining on the labeled cells have been found with sizable variation from sample to sample. In the case of NACE/peroxidase double staining, it was found that most of the labeled cells contained only peroxidase.
Labeled cells which showed ANBE activity were not detected during the first 5 days as mentioned above whereas ANBE positive cells were found to increase measurably during 10-15 days. The labeled cells with this enzyme was 5.1% on day 15.
(5) Morphology of 3H TdR incorporated cells 3H-TdR incorporated mononuclear cells at 0 day or 1 day of culture were classified into large and small cells (Figs. 5a-d) . Most of the labeled cells were relatively large. The majority of the large cells had an oval nucleus with occasional central nuclear invagination (Figs. 5a-c) . Those cells had large amount of pale cytoplasm with a few azurophilic granules. The small cells showed a high nuclearcytoplasmic ratio with basophilic cytoplasm (Figs. 5a, c) . Most of the large cells contained peroxidase and NACE while most of the small cells had no activity for these enzymes (Figs. 5b, c) . Some of urge cells contained no activity for these enzymes as shown in Fig. 5d the 5 day cultures were basophilic and some of them indicated immature mononuclear cells (Fig. 5e) . The nucleus in these large cells was generally ovoid and situated in the central part of the cytoplasm. Most of the cells contained hoffs and vacuoles near the ovoidal nucleus (Fig. 5e) . At day 5 the number of labeled cells increased, however the cells with NACE and peroxidase activity decreased (Fig. 5f ).
As mentioned above, no labeled cells containing nonspecific esterase were observed in 1 day or 5 day cultures, whereas the labeled cells showing the esterase activity appeared after 10-15 days of culture (Figs. 6a, d ). The nonspecific esterase was diffusely stained in these cells. Macrophage-like large cells which contained nucleus at the periphery of cells incorporated 3H-TdR (Fig. 5h) .
After 10 to 15 days of culture, the labeled cells showing NACE did not increase whereas the percentage of the peroxidase positive cells increased prominently (Fig.  6c) . However the peroxidase stainability of the cells in the 10-day culture was weaker than that of the cells in the 15-day culture. The number of cells stained with LFB increased simultaneously in proportion to the increase of peroxidase positive cells (Fig. 6b) . Eosinophilic granules were seen in these cells by Giemsa staining (Fig. 5g) . DISCUSSION The presence of a large number of CFU-C in the cord blood has been shown in culture using agar or methyl cellulose (2, 3, (11) (12) (13) 17) . Observations with light and electron microscope have revealed that the cord blood contains premature myeloid and monocyte cells (15, 22) . In this study, 3H-TdR incorporated cells were 2.9% of mononuclear cells at day 1 in culture ( Fig. 1) .
Knudtzon (13) has reported that the number of CFU-C in the cord blood is much more than that in the adult peripheral blood. However, Ito (11) mentioned that the number of CFU-C varied at each gestational age rather than at different gestational ages. Our results indicated that, in 38 to 41 week analysis, the number of 3H-TdR incorporated cells and histochemically active cells were found more or less identical regardless of the gestational ages. But the values were substantially dissimilar even within each gestational age (Figs. 1, 2) .
The results of histochemical study at day 1 culture showed that more than 80% of the labeled cells were positive for NACE and peroxidase (Fig. 2) . Thus, the results may suggest that more than 80% of the labeled cells are premature myeloid cells. Non-reactive cells for NACE, peroxidase and ANBE were about 17% of all the labeled cells. It is interesting whether the non-reactive cells belong to premature myeloid, premature non-myeloid or stem cells. Since Yam et al. (23) reported that a part of myeloblasts had no NACE and peroxidase, some of the non-reactive cells in the present study may belong to this type of cell. On the other hand, Goldberg et al. (8) reported that lymphoid-like cells from adult peripheral blood morphologically differentiated into granulocytes in liquid culture with conditioned medium. Faulk et al. (4) and Prindull et al. (16) , from the morphological point of view, described the intranuclear incorporation of 3H-TdR by two types of lymphoid cells in the cord blood, suggesting that some of the lymphoid cells might have characteristics of the stem cell. Prindull et al. (17) also reported that the lymphoid cells formed granulocytec colonies in methyl cellulose without conditioned medium.
Our present results suggest that some of the unstained cells may be stem cells.
Van Furth et al. (20) pointed out that promonocytes of human bone marrow showed the incorporation of 3H-TdR and the presence of esterase I activity at 6 hr culture. Morris et al. (15) confirmed the presence of the promonocytes in the cord blood under transmission electron microscope. We were not able to detect 3H-TdR incorporated cells having nonspecific esterase activity at day 1 .
After 5 days of culture, the number of cells decreased to about 30% while the labeling index increased up to about 19%. The day 5 labeling index in our study was similar to that of bone marrow cells in a diffusion chamber for 7 day culture done by Golde et al. (6) . When the 5 day cells were examined, 3H-TdR incorporated mononuclear cells appeared. These cells resembled "immature mononuclear cells" reported by Goldberg et al. (8) . Most of the labeled cells at 5 days did not have NACE, peroxidase nor nonspecific esterase activity (Fig. 5f ) . In addition, the immature mononuclear cells seen at day 5 did not show any activity for these enzymes.
Willcox et al. (21) cultured bone marrow cells in liquid culture with conditioned medium for 14 days and observed that NACE activity in mature and immature myeloid cells persisted strongly throughout the culture. In our observation, 3H-TdR incorporated metamyelocytes lost almost all enzyme activities. This fact indicates that some of the labeled cells of the 5 day culture lost the characteristic enzymes.
After 10-15 days of culture, the labeling index as well as the cell number decreased (Fig. 3) . The labeled cells showing activity for NACE did not increase, while those having activity for peroxidase increased (Figs. 4, 6c) . The LFB positive cells also increased simultaneously. As reported by Shoham et al. (19) , the LFB staining is a reliable marker for detection of eosinophilic granulocytes. Yam et al. (23) reported that the eosinophilic granulocytes had peroxidase activity, but no NACE activity. The labeled cells in our present study showing activity for peroxidase and LFB contained eosinophilic granules in their cytoplasm by Giemsa staining (Fig. 5 g ). All these data suggest that these cells may be eosinophilic granulocytes. Dresch et al. (2) cultured the cord blood mononuclear cells in agar with conditioned medium or feeder layer, and observed the increase of eosinophilic granulocyte colonies during 11-20 days of culture. We cultured mononuclear cells of the cord blood in liquid culture without conditioned medium, and found the increase of 3H-TdR incorporated eosinophilic granulocyte-like cells during 10-15 days of culture. In the bone marrow liquid culture, the appearance of eosinophilic granulocytes was also reported (6, 21) .
It was interesting that after 10-15 days culture the cells were diffusely stained with nonspecific esterase (ANBE, ANAE) and showed incorporation of 3H-TdR (Figs. 4, 6a, b) . The nonspecific esterase staining diffusely observed in the cytoplasm is a reliable marker for the detection of monocyte-macrophage cells (14, 21, 23) . These nonspecific esterase stained cells were confirmed as macrophages by Giemsa staining (Fig. 5h) . The present study suggests that these cells are probably monocyte-macrophage cells. Zuckerman et al. (24) reported that there was no significant 3H-TdR incorporation in adult human peripheral monocytes during 14 days of culture. On the other hand, we observed the incorporation of 3H-TdR into the nuclei of macrophage-like cells in the cord blood. These cells morpho-logically resembled the mature form rather than the premature form (Figs. 5h,  6a, d ). This combined method both of autoradiography and histochemistry will be useful for the detection of cellular characteristics of cultured the human blood cells.
